INTRODUCTION
The Mongolian Plateau is generally recognized as one of the birthplaces of sheep in East Asia (Xie, 1985) . Smalltailed Han sheep, Hu sheep and Cham Tribe sheep, which are raised by the Cham Tribe in Vietnam, are native sheep in easternmost Asian regions from north to south. Revealing the phylogenetic relationships and the levels of genetic differentiation among sheep breeds in the typical agricultural areas, and current Mongolian sheep contributes to tracing the spreading routes of domestic sheep in East Asia, and provides a basis for the evaluation, conservation and utilization of the genetic resources of these sheep.
In this study, we genetically examined Small-tailed Han sheep according to the same electrophoresis techniques reported by Tsunoda et al. (1988 Tsunoda et al. ( ,1998 Tsunoda et al. ( ,1999 and Yokohama et al. (1987) using 12 structural loci and estimated the gene frequencies at each structural locus. The same data of four other sheep populations, Kharkhorin sheep and Ulaanbaatar sheep in Mongolia, Hu sheep in China, and Cham Tribe sheep in Vietnam, were comparatively analyzed to explore the relationships of genetic differentiation among populations and to supplement an important link for the intensive research of phylogenetic relationships of sheep in the world.
MATERIALS AND METHODS

Materials, sampling method and multiloci electrophoresis
Using the method "random sampling in typical colonies of the central area of the habitat", 60 Small-tailed Han sheep were sampled in Jining city, Shandong province. Blood samples of Small-tailed Han sheep were collected and treated by the methods described by Sun et al. (2002) and Geng et al. (2003) for electrophoresis. Starch gel electrophoresis, polyacrylamide gel electrophoresis, cellulose acetate-membrane electrophoresis, horizontal polyacrylamide gradient gel electrophoresis, and polyacrylamide gel isoelectric focusing were used to examine the variations of these 12 structural loci: alkaline phosphatase (Alp), arylesterase (Ary-Es), leucine aminopeptidase (Lap), hemoglobin-β (Hb-β), X-protein (Xp), malate dehydrogenase (ME), catalase (Cat), transferrin (Tf ), albumin (Al), lysine (Ly), red cell esterase D (Es-D) and carbonic anhydrase (CA) following the methods reported by Tsunoda et al. (1988 Tsunoda et al. ( ,1998 Tsunoda et al. ( ,1999 and Yokohama (1987) . The types of variations were determined according to the standards universally accepted and the standard samples supplied by Dr. Tsunoda whose papers were cited in the references.
Statistical analysis
The allele frequencies (P) were computed by the square root method for the dominant loci (Alp, Ary-Es, Lap, X-p, Al and Ly) and by the gene counting method for the codominant loci (Hb-β, ME, Cat, Tf, EsD and CA) (Tsunoda et al., 1988 (Tsunoda et al., ,1998 (Tsunoda et al., ,1999 Lee, 1995) . The relative deviation (η) of the gene frequency was calculated by formula (1) when the reliability (β) reached 0.9545, which was calculated by formula (2). The reliability estimate ensures that the gene frequency will not deviate from the true value more than 0.5 times.
In the above formula, P stands for gene frequency and V(P) its variance; V(P)=P⋅(1-P)/[2(n-1)]; n stands for sample size; λ is the standardized deviation of the estimate of the gene frequencies and was suitable for formula (2) when its standardized deviation was λ=0.5 P/[V(P)] 0.5 (Chang, 1998) .
The average heterozygosity (H) within a population:
Where m stands for the number of all loci, k the number of all alleles of a locus, X ji the gene frequency of the ith allele of the jth locus (Nei, 1978) .
The standard genetic distance (D) among populations (Nei, 1972): In the above formulae, m stands for the number of all loci, k the number of all alleles of a locus, X ji and Y ji the frequency of the ith allele of the jth locus of population X and Y, respectively.
Gene diversity in the total populations (Ht), gene diversity within the populations (Hs) and the coefficient of gene differentiation among the populations (G ST ) were calculated using the DISPAN computer program (Ota, 1993) .
Fuzzy cluster was carried out according to the gene frequencies at 12 structural loci in 5 populations. The following formula was used to describe the fuzzy consistency relationship matrix of the similarities between populations and to compose the fuzzy similarity relations. Thus a population cluster was achieved (Chang, 1995 (Chang, ,1998 ).
In the above formula, J X , J Y and J XY stand respectively for the probability average over loci of the same alleles obtained at random from population X, population Y and both populations X, Y at the same time.
stands for the membership function under the fuzzy consistency relation between populations X and Y.
Quotation of source materials
The information of all the populations was shown in Table 1 . The gene frequencies of 12 structural loci in the cited populations were reported by other researchers (Tsunoda et al., 1998 (Tsunoda et al., , 1999 Sun et al., 2002; Geng et al., 2003) with the same techniques.
RESULTS
Gene frequency at 12 structural loci in Small-tailed Han sheep
Of 12 structural loci analyzed, Alp, Ary-Es, Lap, Hb-β, X-p, ME, Cat and Tf were polymorphic, and the rest were monomorphic (Table 2) . Apart from B+, Tf B and Tf F (0.6914, 0.7428 and 0.5199, respectively), the reliability 
estimates (β) of the gene frequencies not deviating more than 0.5 times were over 96%. Therefore, these data might serve as a basis for the genetic analyses.
Genetic variation within a population
The average heterozygosities of Kharkhorin sheep, Ulaanbaatar sheep, Small-tailed Han sheep, Hu sheep and Cham Tribe sheep were 0.3447, 0.3285, 0.3157, 0.3884 and 0.2300, respectively. The estimates indicated that the degree of genetic variation within Hu sheep was highest and that within Cham Tribe sheep lowest.
Gene differentiation
The coefficients of gene differentiation (G ST ) among all the five sheep populations ranged from 0.004004 to 0.143036 with a mean value of 0.088005 (Table 3 ). The G ST among the four sheep populations except Cham Tribe sheep population varied within a range of 0.003755-0.097125 with a mean value of 0.045557. The gene diversity in the total populations (Ht) was very close to the gene diversity within the populations (Hs). The values of these two parameters were relatively high over the 7 loci both in the five populations and the four populations. In case of Al, EsD, and CA loci, the values of these two parameters were very low. This could be easily interpreted as the gene at each of these three loci was fixed or nearly fixed in 5 populations.
Genetic distance and fuzzy cluster
The standard genetic distances and fuzzy similarity relation matrix were presented in Table 4 
DISCUSSION
The average heterozygosity is a good measurement of genetic variation within a population. The values of average heterozygosity allowed us to establish the degree of genetic variation within the population. The average heterozygosities, which were computed according to 35 allele frequencies at 12 structural loci, indicated that the degree of genetic variation of Hu sheep was highest, Kharkhorin sheep next and Cham Tribe sheep lowest, which were closely related to the effective population size, selective level and method. This finding conformed to reality and resembled the other reported results (Tsunoda et al., 1998 (Tsunoda et al., ,1999 Sun, 2002) .
The mean coefficient of genetic differentiation (G ST ) among all the studied populations was 0.088005, indicating that 8.8005% of the total variability was due to the differences among 5 sheep populations, and the remainder of the total variability due to the differences within 5 sheep populations. The G ST among all the populations was nearly two times the G ST among the four sheep populations, Kharkhorin sheep, Ulaanbaatar sheep, Hu sheep and Smalltailed Han sheep, suggesting that the high value obtained was mainly affected by the inclusion of Cham Tribe sheep. That was, there was a considerable genetic differentiation between Cham Tribe sheep and other four sheep. The values of gene diversity in the total populations (Ht) were parallel to the values of gene diversity within the populations (Hs). The mean values of these two parameters were similar and relatively high both in the five populations and the four populations, indicating that the populations presented genetic variations and the diversity was high both among the sheep populations and within the populations in the mass.
It was discovered that Cham Tribe sheep were genetically closer to 0.0725, respectively) (Ban, A.D. 89; Si, A.D. 306; Tan, 1982) . During that time they directly introduced cattle, sheep and ironware from the Central Plains in many separate events (Ban, A.D. 89) . This literature showed that the partial founder population in the Central Plains, i.e. Mongolian sheep forming current Small-tailed Han sheep, possibly made a contribution to the bloodline of Cham Tribe sheep. However, Tsunoda et al. (1999) divided the Asian sheep populations into three groups: Mongolian (Xie, 1985) . This study confirmed this finding.
The results of gene differentiation, genetic distance and fuzzy cluster demonstrated that Hu sheep derived from Mongolian sheep. This demonstration was identical with the conclusions of Sun et al. (2002) and Geng et al. (2003) . Our results also demonstrated Small-tailed Han sheep evolved from Mongolian sheep, and this demonstration was consistent with its known history of breeding (Editorial section of " Sheep and Goat in China", 1989) and the viewpoint that "sheep breeds across China, except in the Qinghai-Tibet Plateau and its neighboring areas, originate from Mongolian sheep" (Xie, 1985) .
The analysis of the genetic relationship was performed by means of the genetic distance method of Nei (1972) and fuzzy clustering (Chang, 1995) . The standard genetic distances of the pairs Kh-Hu, Kh-St, and Kh-Ct gradually increased, showing their relationships gradually became more distant, as did the pairs Ub-Hu, Ub-St and Ub-Ct (Table 4) . Along with the above analyses of gene differentiation and fuzzy clustering, we thus deduced that the relationships among the two Mongolian sheep populations and either of Hu sheep, Small-tailed Han sheep or Cham Tribe sheep became gradually more distant, that is, they were decreasingly influenced by the bloodline of Mongolian sheep.
